Bacterial endotoxin exposure invokes transcriptional changes in embryonic murine neural stem cells OBJECTIVE: Perinatal brain injury from overt intraamniotic infection has the potential to profoundly impact the quality of life of the exposed offspring. 1 The precise cellular processes affected by bacterial endotoxins are unclear, specifically in regard to the influence on neural stem cells. Bacterial endotoxins invoke an inflammatory response involved in the pathogenesis of brain injury. However, whether this process directly alters embryonic neurogenesis remains to be determined. The objective of this study was to investigate if bacterial endotoxin exposure independent of the inflammatory response would disrupt neurogenesis. 2 First, cells were exposed to LPS derived from Escherichia coli, and examined for transcriptional changes related to neurogenesis. The following markers were examined: nestin, a gene required for neural stem cell potential and maintenance; Sox2, expressed by neural stem cells and progenitors; and Map2, expressed by maturating neurons. 3, 4 Cells were also imaged for retention of soluble GFP as an indication of programmed cell death. 5 For the second part of our study we differentiated cells following exposure to LPS to evaluate if endotoxins would alter stem cell potential. Once more, we examined gene expression for nestin, Sox2, and Map2 and confirmed differentiation by staining for beta-III tubulin protein present in mature neurons.
RESULTS:
Analysis of the neural stem cells after LPS exposure revealed a significant reduction in the expression of nestin and Sox2 compared to controls (Figure, A) . In contrast, Map2 expression did not change. Cells exposed to LPS also retained GFP indicating that the cell membrane integrity was not compromised (Figure, B) , and suggesting that cell death did not occur. In regards to differentiation potential, cells exposed to LPS showed a significant reduction in the expression of Map2 when neurogenesis was induced (Figure, C) . This decrease correlated with a smaller number of neurons directly observed by beta-III tubulin staining (Figure, D) .
CONCLUSION:
Endotoxin exposure directly invokes transcriptional changes in neural stem cells. This effect was not due to differentiation to neurons or from cell death. Rather, the transcriptional identity of neural stem cells and the neurogenic program is altered. This resulted in a unique phenotype in which altered stem cells may not contribute to the development of functional tissue. To define this observed loss of stem cell identity and potency, we termed the resulting phenotype as "akratic" from the Greek root akratés meaning loss of power or impotence. Should a similar mechanism occur in preterm labor, our results suggest that long-term brain injury may occur from reprogramming of stem cells and diminishing the cells' capability to repopulate neurons into adulthood. Although our results are limited to a murine in vitro model of neural stem cells, the possibility that endotoxins alter the neurogenic program warrants further investigation with in vivo models and human stem cells.
